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INTRODUCTION 

The l i t e r a t u r e  c u r r e n t l y  r e p o r t s  up t o  four  orders  of magnitude v a r i a t i o n  i n  t h e  r a t e  
f o r  coal  pyro lys i s  a t  high temperature. 
references t o  t h e  l i t e r a t u r e  i s  presented i n  (1,Z). The wide v a r i a t i o n s  appear t o  be  
caused by the  i n a b i l i t y  t o  separa te  heat  t r a n s f e r  from chemical k ine t ics .  

o r  combusting system. 
developed f o r  t h i s  purpose. A system which al lows the  measurement of s i n g l e  p a r t i c l e  
temperatures s imultaneously with p a r t i c l e  s i z e  and v e l o c i t y  was r e c e n t l y  descr ibed by 

important when t h e r e  a r e  temperature  d i f fe rences  among p a r t i c l e s .  However, these  
systems have some disadvantages which l i m i t  t h e i r  appl icat ion.  
wavelengths i n  t h e  v i s i b l e ,  which misses most of the  emi t ted  radiat ion.  It is 
d i f f i c u l t  t o  measure low temperatures  (Tichenor e t  a l .  (3) e s t i m a t e  a 900 K l i m i t  f o r  
10 micron p a r t i c l e s )  and to  d i s t i n g u i s h  p a r t i c l e  temperatures  i n  t h e  presence of soot 
o r  high temperature  regions which can r e f l e c t  r a d i a t i o n  from the  par t ic le .  Also, 
p a r t i c l e  d e n s i t i e s  must be low, and  i t  may sometimes be d i f f i c u l t  t o  g e t  a complete 
p i c t u r e  of a reac t ing  system because low temperature  p a r t i c l e s  w i l l  be overlooked. 

The appl ica t ion  of FT-IR emission and t ransmission spectroscopy is a good complement 
t o  the  measurements i n  the  v i s i b l e ,  having advantages where t h e  pyrometric techniques 
have disadvantages. It appears  t h a t  cont r ibu t ions  from soot and p a r t i c u l a t e s  can be 
separated by examining both t h e  emission and t ransmiss ion  s p e c t r a  and employing a 
knowledge of the s o o t ' s  c h a r a c t e r i s t i c  s igna ture  i n  the  IR. Under condi t ions of 
uniform temperatures ,  p a r t i c u l a t e  temperatures and soot  d e n s i t i e s  can be determined. 
The FT-IR technique has advantages a t  low temperatures. A t  t h e  temperatures  of 
i n t e r e s t  t h e  emit ted r a d i a t i o n  has  a maximum i n  t h e  I R ,  providing good s e n s i t i v i t y .  
Also, because the  measured spectrum covers the  whole i n f r a r e d  range, t h e  o p t i c a l  
p roper t ies  of t h e  coal ,  char and soot  (which vary i n  t h e  inf ra red)  can be measured and 
used t o  d i s t i n g u i s h  the  na ture  of the  p a r t i c u l a t e s  and t h e  magnitude of r e f l e c t e d  
radiat ion.  F ina l ly ,  t h e  technique can determine temperature  f o r  clouds of p a r t i c l e s  
by comparing both the  ampli tude and shape of the emission and t ransmission spectra .  

This paper d iscusses  t h e  appl ica t ion  of the  technique and pre l iminary  r e s u l t s  i n  a 
s tudy of coa l  and ace ty lene  pyrolysis .  

' 
', 

The d iscuss ion  of t h i s  problem wi th  

To 
/ reso lve  t h i s  issue.  i t  i s  e s s e n t i a l  t o  measure p a r t i c l e  temperatures  i n  a pyrolyzing 

Several  (two o r  more) co lor  pyrometry systems have been 

, Tichenor e t  al. (3). The a b i l i t y  to measure temperatures  of ind iv idua l  p a r t i c l e s  is 

They employ 

, 
I 

1 
! 

ExPKuR53NTAL 

The emission of i n f r a r e d  l i g h t  from, and t ransmiss ion  through, dispersed p a r t i c l e s  
involves  the  processes of emission and absorpt ion i n  t h e  p a r t i c l e ' s  i n t e r i o r ,  and 
r e f l e c t i o n ,  d i f f r a c t i o n  and r e f r a c t i o n  a t  i t s  surfaces. The inf ra red  energy i n  t h e s e  
measurements can o r i g i n a t e  i n  t h e  spectrometer ,  i n  t h e  p a r t i c l e s  o r  from t h e  hot 
experimental  apparatus. 
temperature, coa l  composition and morphology on the  spec t ra ,  t h e  s t u d i e s  descr ibed 
below have been c a r r i e d  out  i n  a number of geometries. 

Heasurements In A Hot Cavity 

Emission and t ransmission s p e c t r a  were recorded i n  an en t ra ined  f low reac tor  (EFR) i n  
which coal  p a r t i c l e s  a r e  fed  i n t o  t h e  furnace from a water  cooled in jec tor .  
geometry the  coa l  "sees" hot  furnace wal l s  with the  except ion of t h e  i n j e c t o r  and t h e  
KBr windows t h a t  provide en t rance  and e x i t  f o r  t h e  I R  beam. 
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Transmission s p e c t r a  a r e  recorded i n  t h e  normal manner, a s  the r a t i o  of t ransmission 
with and without  t h e  sample i n  the beam. I n  t h i s  experiment, t h e  r a d i a t i o n  from the 
spectrometer  is ampli tude modulated, so rad ia t ion  o r i g i n a t i n g  from w i t h i n  the furnace 
is not detected.  I n  the  sample a rea ,  t h e  beam geometry is i d e n t i c a l  f o r  the  emission 
and t ransmiss ion  experiments. 
wavelength dependent. The o v e r a l l  de tec t ion  e f f i c i e n c y  is measured by recording the 
spectrum from a c a v i t y  r a d i a t o r  of known temperature. 
provide a pa th  c o r r e c t i o n  a t  each wavenumber, and aa a re ference  f o r  t h e  ca lcu la t ion  
of the  shape and ampli tude of black-body r a d i a t o r s  of o ther  temperatures. 
reported emission s p e c t r a  a r e  a l s o  corrected f o r  background. 

An example of an emission spectrum f o r  l i g n i t e  i n  t h e  furnace is presented i n  Fig. 
la. 
t ransmiss ion  measurement was made, a s  shown in Fig. l b  which presents  
(1-transmission). Except f o r  the  gas  l i n e s ,  these  spec t ra  show a monotonic var ia t ion  
with wavenumber i n  a manner which can be accounted f o r  by d i f f r a c t i o n  theory (2). 
Since we want t o  compare emission from p a r t i c l e s  which f i l l  only a f r a c t i o n  of the 
viewing a r e a  w i t h  t h a t  from t h e  cavi ty  which f i l l s  100% of the  viewing area,  w e  have 
computed a "normalized emission", Fig. IC, i n  which t h e  emission is divided by (1- 
transmission). The d e t a i l e d  s igni f icance  of t h i s  "normalized emission" w i l l  be 
considered l a t e r .  For the  present  we w i l l  d i scuss  t h i s  func t ion  f o r  the  case i n  
which t h e  c o a l  p a r t i c l e s  a r e  of such s i z e  and tex ture  tha t  each one e f f e c t i v e l y  
blocks 100% of the  r a d i a t i o n  incident  on it. I n  addi t ion ,  v e  work i n  a d i l u t e  
p a r t i c l e  regime, so t h a t  less than 20% of t h e  t o t a l  kcam is blocked. The p a r t i c l e s  
can be considered t o  a c t  a s  ind iv idua l  sca t te re rs .  I n  t h i s  case (1-transmission) is 
a measure of the  pro jec ted  a r e a  of the  coa l  p a r t i c l e s ,  and represents  the  f r a c t i o n  of 
t h e  beam blocked by t h e  sample. 
area a s  a f r a c t i o n  of  the  beam area. I f  w e  d iv ide  an emission spectrum by t h e  
corresponding (1-transmission) we obta in  the  spectrum t h a t  would appear i f  t h e  sample 
completely f i l l e d  t h e  entrance aperture .  We c a l l  these "normalized emission" 
spectra. The normalized spec t ra  from a sample of black-body p a r t i c l e s  a t  temperature 
T would agree i n  shape and ampli tude with t h e  black-body spectrum corresponding to  
temperature T and generated from t h e  information i n  t h e  reference source spectrum. 
A s i m i l a r  set of emission,  t ransmission and "normalized emission" spec t ra  is 
presented f o r  soot  (Fig. 2). For s u f f i c i e n t l y  small soot  p a r t i c l e s  t h e  normalized 
spectrum can  be r igorous ly  equated t o  a black-body curve a t  the soot temperature. 
An appropr ia te  t h e o r e t i c a l  black-body curve is a l s o  presented i n  Figs. IC and 2c. 
Indeed, the "normalized emission" is q u i t e  c l o s e  t o  t h e  t h e o r e t i c a l  black-body in 
both shape and amplitude. 

An example of normalized emission da ta ,  obtained f o r  a l i g n i t e  in jec ted  a t  
severa l  p o s i t i o n s  above t h e  o p t i c a l  port  in the  EFR, is presented in Fig. 3. The 
data  i l l u s t r a t e  some of the  p o t e n t i a l  b e n e f i t s  as  w e l l  a s  t h e  caut ion  required i n  the 
in te rpre ta t ion .  
t h e o r e t i c a l  black-body curve a t  the window height  w a l l  temperature. 
presents  d a t a  f o r  c o a l  i n j e c t e d  j u s t  above the  port. 
cold.  But t h e r e  is obviously r a d i a t i o n  emerging from the o p t i c a l  por t  which was not 
there  in t h e  absence of t h e  coal. This  must be s c a t t e r e d  radiat ion.  A s  the  c o a l ' s  
res idence time increases  between i n j e c t i o n  and observat ion,  the spectrum ge ts  c loser  
t o  the  spectrum f o r  t h e  wall. A t  36 cm the  c o a l ' s  absorp t ion  spectrum is gone, and 
the  spectrum ampli tude and temperature  is higher  than t h a t  of the  wall. I n  t h i s  case 
the  coa l  is cool ing  a f t e r  having been heated t o  a higher  temperature i n  t h e  upper 
par t  of the furnace. This  measurement without  any f u r t h e r  information can be used to  
determine t h e  d i s t a n c e  required f o r  t h e  coa l  t o  reach the  reac tor  temperature. 

For later purposes w e  have a l s o  reported t h e  normalized emission from K C 1  p a r t i c l e s  in 
t h e  EFR (Fig.4). 

Ueasurements In A Boor Temperature Cavity 

To a l low separa t ion  of cont r ibu t ions  from emission and s c a t t e r i n g ,  a second geometry 
was used employing a tube furnace. 

In  t h e  emission experiment t h e  de tec t ion  s e n s i t i v i t y  is 

The cavi ty  serves  both t o  

The 

For t h e  condi t ions  a t  which each emission spectrum was recorded a corresponding 

It a l s o  represents  t h e  projected e m i t t i n g  sur face  

The f i g u r e  shows t h e  normalized emission s p e c t r a  compared t o  a 
Figure 3a 

The coa l  a t  t h i s  pos i t ion  is 

In t h i s  experiment, the  p a r t i c l e s  have been 250 



heated i n  a high temperature tube pr ior  t o  t h e i r  coming i n t o  view of the I R  beam. 
The turbulen t  environment of the tube convect ively h e a t s  t h e  coa l  p a r t i c l e s  very 
quickly (>lo5 Klsec). The only hot sur face  seen by. the  coa l  when i t  is in view is  
t h e  overhead tube. Since t h e  FT-IR spectrometer  t r a n s m i t s  only r a d i a t i o n  which has  
its e l e c t r i c  vector  i n  the  v e r t i c a l  plane, r a d i a t i o n  from t h e  tube s c a t t e r e d  by one 
s c a t t e r i n g  event cannot be detected,  in c o n t r a s t  t o  the  case f o r  the  EFR experiment 
in which there  is s u b s t a n t i a l  s c a t t e r i n g  of w a l l  radiat ions.  

Figure 5 presents  "normalized emission" s p e c t r a  taken a t  t h e  e x i t  of the  tube  reac tor  
a f t e r  s u f f i c i e n t  res idence t ime t o  br ing t h e  coa l  up t o  the tube temperature. Each 
spectrum is compared with a black-body curve a t  t h e  measured gas temperature  a t  the  
pos i t ion  of the  o p t i c a l  focus. A t  temperatures  below 650 K, (Fig. 5a and b). only 
t h e  region below 1700 wavenumbers has s u f f i c i e n t  emiss iv i ty  (absorp t iv i ty)  t o  emit  
much radiat ion.  
ca lcu la ted  from t h e  da ta  of Fig. 5 together  with t h e  e x t i n c t i o n  coef f ic ien t .  
c a l c u l a t e d d y  from the  da ta  of Fig. 5d and used i t  t o  compute the f r a c t i o n  of  
r a d i a t i o n  from a 1800 K environment t h a t  is absorbed by the  coal. The r e s u l t s  
i n d i c a t e  an equivalent  grey-body emiss iv i ty  of 0.2. 
is, therefore ,  a poor emitter of r a d i a t i o n  and consequently, is a poor absorber  of 
radiation. 
grey-body w i t h  < = 0.7 t o  1.0. 
of t h e  coa l .  

A s  d iscussed l a t e r ,  the  e m i s s i v i t y , c v ,  of the coa l  can be 
We have 

R a w  coal of p u l v e r i z e d  coal size  

It absorbs much less r a d i a t i v e  energy than  is usua l ly  computed assuming a ' This f a c t  is important i n  computing t h e  hea t ing  r a t e  

, A t  temperatures of 750 K and 825 K the  hydroxyl and a l i p h a t i c  regions of t h e  coa l  
begin t o  e m i t  (Figs. 5c and d). A t  925 K, char  condensation reac t ions  a r e  s t a r t i n g  
t o  produce a broad band emission a s  the  char  behaves more "graphitic"; t h i s  t rend 
cont inues u n t i l ,  a t  1200 K, the  char is a grey-body with an emiss iv i ty  between .7 
and .8, s i m i l a r  t o  t h a t  of graphite. 

Transmission And Ref lec t ion  Measurements 

Transmission measurements of coa l  i n  KBr p e l l e t s  of coa l  f i l m s  were recorded in a 
t y p i c a l  sample holder  geometry f o r  t h i s  experiment. The absorbances of t w o  coa l  
f i l m s  of the  same nominal thickness  were measured. 
uniform f i l m  of 1,Um p a r t i c l e s  pressed i n t o  a KBr f l a t .  
f o r  a f i l m  pressed a t  moderate pressure from a s t a r t i n g  mater ia l  of nominal 30 

f i l m  appeared comparable t o  t h a t  of an unpressed sample of the same coal. These 
s p e c t r a  display t h e  e f f e c t  of morphology. 
p a r t i c l e s  has  res idua l  sur face  inhomogeneities of the  order  of t h e  o r i g i n a l  p a r t i c l e  
s i z e  and can be expected t o  s t rongly  s c a t t e r  wavelengths in t h i s  region, wi th  t h e  
s c a  t e r i n g  f a l l i n g  off as ( ' 4 4 )  towards longer  wavelengths. 
cm-' t h i s  40,Um th ick  f i l m  is moderately t ransparent .  Ext inc t ion  a t  longer 
wavelengths is due pr imar i ly  t o  absorpt ion,  while  a t  s h o r t e r  wavelengths there  is 
increased e x t i n c t i o n  due t o  s c a t t e r i n g  a s  w e l l  as absorption. 
thickness ,  but made of pressed 3 0 p m  diameter  p a r t i c l e s ,  (Fig. 6b) e x t i n c t i o n  over 
t h e  long wavelength end of t h e  spectrum is dramat ica l ly  increased, showing 
q u a l i t a t i v e l y  the dominance of sca t te r ing .  
have inhomogeneities more of t h e  sca le  of t h e  f i l m  of Fig. 6b than t h a t  of Fig. 6a: 
s c a t t e r i n g  plays a s igaLf icant  p a r t  in t h e  i n t e r a c t i o n  of  the particles w i t h  
rad ia t ion .  

The specular  r e f l e c t i o n  of coa l  was measured a t  an angle  of incidence of 45" 
(Fig. 6 ~ ) .  This spectrum can be accounted f o r  by s tandard theory using o p t i c a l  
cons tan ts  which l i e  wi th in  the  range of published values  (5 ) .  
s m a l l ,  (between 6 and 10%) and w i l l  be important  only f o r  rays  which near ly  graze t h e  
sur face .  

Figure 6a shows the  spectrum of a 
The spectrum of Fig. 6b  is 

diameter  par t ic les .  Under a n  o p t i c a l  microscope the  sur face  roughness of t h i  k"" l a t t e r  

The f i l m  made of ground ( l ,&m) d iameter  

I n  t h e  region of 1800 

For a f i l m  of  similar 

The coa l  p a r t i c l e s  in our  experiments 

The r e f l e c t i o n  is 

DISCUSSION 

251 me sca t te r ing ,  absorption, t ransmission and emission of e lectromagnet ic  r a d i a t i o n  
from p a r t i c l e s  depend both on mater ia l  p roper t ies  i n  t h e  form of t h e  o p t i c a l  



constants. and on morphology, which can be represented by t h e  s c a l e s  of inhomogeneity 
r e l a t i v e  t o  wavelength. The i n t e r a c t i o n  of p a r t i c l e s  with t h e  r a d i a t i o n  f i e l d  is 
character ized by e f f i c i e n c y  f a c t o r s ,  Q, which a r e  t h e  e f f e c t i v e  c r o s s  sec t ions  f o r  
sca t te r ing  o r  absorp t ion  divided by the geometric c ross  sec t ion  of t h e  par t ic les .  

Qext Qs + Qabs (1) 

where the s u b s c r i p t s  stand f o r  ex t inc t ion ,  s c a t t e r i n g  and absorpt ion,  respec t ive ly  
(6). 
S imi la r ly ,  t h e  o ther  Q', a r e  s p e c i f i c  t o  our o p t i c a l  beam path. We w i l l  descr ibe a 
s i m p l e  model t h a t  semiquant i ta t ive ly  accounts f o r  many f e a t u r e s  of t h e  observed 
normalized emission spectra. The f i r s t  fea ture  of t h e  model is due t o  the geometry 
of the  experiment i n  the  EFR In t h i s  geometry, r a d i a t i o n  from t h e  t ransmission beam 
can s c a t t e r  i n t o  almost  a 360' s o l i d  angle of the  furnace, while  conversely, 
rad ia t ion  from t h i s  a lmost  360' s o l i d  angle  can s c a t t e r  i n t o  the  emisson beam. The 
beam-defining a p e r t u r e  i s  j u s t  smal le r  than t h e  furnace w a l l  opening. F o r  p a r t i c l e s  
w i t h i n  t h e  focus volume. f o r  each inc ident  beam 1 s c a t t e r e d  i n t o  d i r e c t i o n  2, w e  can 
f ind  a beam 1' from the furnace wal l  t h a t  i s  s c a t t e r e d  through the  same angle in to  
t h e  o r i g i n a l  beam d i r e c t i o n  2 '  (Fig. 7). From t h i s  d i scuss ion  the  fol lowing 
s ta tement  can made about  the  r e l a t i v e  s c a t t e r i n g  i n  emission and t ransmission 
experiments. 
t ransmission experiment i n  t h i s  EFR, then 

Qs r e f e r s  t o  r a d i a t i o n  s c a t t e r e d  out  of t h e  acceptance angle  of the opt ics .  

I f  Qs is t h e  e f f i c i e n c y  f o r  s c a t t e r i n g  out  of t h e  beam path in a 

Qs - Q's ( 2 )  

where q ' ,  is the  e f f i c i e n c y  f o r  s c a t t e r i n g  wal l  r a d i a t i o n  i n t o  t h e  beam i n  an 
emission experiment, f o r  p a r t i c l e s  wi th in  the  focus volume. All t h e  Q ' s  a n d c ' s  tha t  
we subsequently d i s c u s s  a r e  wavenumber dependent but we have dropped the  subscript.)), 
f o r  convenience. 

I f  we observe the  p a r t i c l e  in an isothermal  environment, then with t h e  usual Kirchoff 
ana lys i s ,  the  r a d i a t i o n  en ter ing  the o p t i c a l  aper ture  of t h e  spectrometer  would be 

Q', . BB(T) + .BB(T) = BB(T) ( 3 )  

when t h e  t ransmission through t h e  p a r t i c l e  is zero and where 
i n t o  the spectrometer  acceptance angle, compared t o  t h e  black-body 
emiss iv i ty  of uni ty  and where BB(T) is t h e  black-body spectrum corresponding 
t o  temperature T. A s  usual, 

is t h e  p a r t i c l e  emissivi ty  

= Qabs 

where both parameters  r e f e r  t o  rad ia t ion  en ter ing  
cone def ined by t h e  spectrometer  aperture. 

With these  d e f i n i t i o n s  we descr ibe  t h e  normalized 

("observed emission") 
(1-transmission) 

( 4 )  

o r  leav ing  t h e  p a r t i c l e  i n  the  

emission r e s u l t s  a s  

Qab$ BB(Tp) + Qs.BB(Tw) 
Z I  

Qabs *s 

where BB(T ) and BB(T,) a r e  t h e  black-body emission curves appropr ia te  t o  t h e  
p a r t i c l e  a l d  EFR w a l l  temperatures ,  respec t ive ly ,  N and A a r e  t h e  numbers of P P 
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b 

p a r t i c l e s  i n  view, and t h e i r  average geometr ical  cross-sect ion,  respec t ive ly .  
Equation 5 can be appl ied to  explain the  r e s u l t s  of Figs. 1-5. 

Case 1) 
shape and amplitude t o  BB(Tw), a s  is observed (Fig. 4). 

Case 2) 
negl ig ib le  (7). I n  t h a t  case the normalized emission (eq. 5) is  given by 
C&S.BB(T ) / Q bs - BB(T ). This pred ic t s  t h a t  t h e  normalized emission from soot  

soot  temperature. This is indeed the  case (Fig. 2). F o r  KC1 and  s o o t ,  as w e l l  as 
dl subsequent cases. 

Case 3 )  Another occasion i n  which a p a r t i c u l a r l y  s imple  r e s u l t  comes from t h i s  
ana lys i s  is when the  p a r t i c l e  and w a l l  temperatures  a r e  the same. Equation 5 shows 
t h a t  the normalized emission w i l l  be a good black-body curve, t h i s  t i m e  corresponding 

I f  Qabs - 0, a s  f o r  KC1, t h e  normallzed emission should be equivalent  in 

For soot  p a r t i c l e s  of s u f f i c i e n t l y  smal l  dimensions. the  s c a t t e r i n g  is 

/; 

j 

be t q u a l  I n  amplitgde and shape t o  the  black-body curve corresponding t o  the  

there are no a d j u s t a b l e  parameters  i n  t h e  C O l p a r i S O M  w e  make. 

I to  t h e  w a l l  (and p a r t i c l e )  temperature (Fig. 1). 

The last cases  t o  be considered a r e  when non-black-body shape o r  amplitude is 
observed in the  normalized emission (Figs. 3 and 5). 

Case 4 )  
r a d i a t i o n  t o  be sca t te red  i n t o  the  spectrometer  i n  an emission measurement i n  t h a t  
s i t u a t i o n ,  t h e  normalized emission i s  

Taking t h e  case  of t h e  tube furnace f i r s t ,  and not ing t h a t  t h e r e  i s  no w a l l  

For coa l  p a r t i c l e s ,  t h e  v a r i a t i o n  of t h e  demoninator of eq. 5 with wavenumber i s  
similar t o  t h a t  of Fig. lb:  
be est imated from d i f f r a c t i o n  theory $25: 
Qext, and d iv id ing  by the  black-body curve corresponding t o  the  measured temperature ,  
gives  an experimental es t imate  of E ,  the  coa l  emissivi ty .  A s  expected from eq. 4, 
maxima i n  t h e  emission in the  tube furnace s p e c t r a  (Fig. 5) correspond to  maxima i n  t h e  
absorbance spectrum of- the  coa l  (Fig. 6). 

Case 5) 
come from both emission and sca t te r ing .  In t h i s  c a s e  one can s e l e c t  regions of t h e  
spectrum which still  permit  s impl i f ica t ion .  For regions where the c o a l  absorbs 
s t rongly  (eg. 
Such regions of the  spectrum can be used t o  determine the p a r t i c l e  temperature. 

QeXt = Q b + Qs has  a va lue  between 1 and 2 .  which can , Mult iplying t h e  normalized emission by 

The most d i f f i c u l t  case is f o r  p a r t i c l e s  i n  t h e  EPR where cont r ibu t ions  

1600 cm-'), Qabs approaches u n i t y  f o r  s u f f i c i e n t l y  l a r g e  p a r t i c l e s .  

1 
CONCLUSIOUS 

Normalized FT-IR emission spec t ra  appear t o  contain a considerable  amount of 
information about t h e  s o l i d  phases i n  pyrolyzing c o a l  and gas  systems. 
prel iminary work we have deduced s o l i d  phase temperatures f o r  a number of 
circumstances, demonstrated t h e  a b i l i t y  t o  d e t e c t  chemical change i n  high temperature  
reac t ions ,  and deduced a grey-body emiss iv i ty  f o r  coal. With improved evaluat ion of 
how t h e  emiss iv i ty  changes wi th  pyrolyis ,  t h e r e  a r e  good prospects  t h a t  the  
temperature determining c a p a b i l i t y  of the method can be extended. 

I n  t h i s  

This work was supported by t h e  U. S. Department of Energy, Morgantown Energy 
Technology Center under Contract No. DE-AC21-81FE05122, U.S. Department of Energy, 
P i t t sburgh  Energy Technology Center under Contract No. DE-AC22-82PC50254 and The 
National science Foundation under Contract No. CPE-83-60666. 

25 3 



1. Solomon, P.R., Hamblen, D.G., Carangelo .  R.M., Markham, J.R., and DiTaranto ,  
M.B., ACS D i v i s i o n  of F u e l  C h e m i s t r y  P r e p r i n t s L 9 ,  1 2 ,  p. 3 (1984). 

Solomon, P.R. and Hamblen, D.G., 2, 
Progress i n  Energy and Combustion Science,  9, 323 (1983). 

T i c h e n o r ,  D.A., Mitchel l ,  R.E., Hencken, K.R. and N i k s a ,  S., S i m u l t a n e o u s  I n - S i t u  
Measurement of t h e  S ize ,  Temperature and Velocity of P a r t i c l e s  i n  a Combustion 
Environment , p r e s e n t a t i o n  a t  t h e  20th Symposium ( I n t )  Conference on Combustion; 
Aug. 12-17, 1984, University of Michigan, Ann Arbor Michigan. 

Gumbrecht, R.O. and Sl iepcevich ,  C.M., J. Phys. Chem. 2, 90 (1953). 

2. 

3. 

4. 

5. Fos te r ,  P.J. and Howarth, C.R., Carbon, 5, 719, (1968). 

6. van d e  Hulst, H.C., L ight  Sca t te r ing  by Small  P a r t i c l e s  , Dover 
P u b l i c a t i o n s ,  NY, (lb81). 

6. D'Alessio,  A, Caval ie re ,  A. and Menna, P.. Soot in Combustion Systems,  Edited 
by J. Lahaye and G. Prado, Vol. 7 ,  pg. 327, (Plenumn P r e s s ,  NY), (1983). 

r 

2 54 



/ 

1 

I 

6500 4500 2500 500 
WAVENUfiBERS 

6500 4500 2500 500 
WAVENUMBERS 

C 0 

WAVENUPBERS 

6500 4500 2500 500 
WAVENUMBERS 

0 0 

6500 4500 2500 500 
WAVENUMBERS 

Figure  1 .  a )  Emission, b) ( I - t r ansmiss ion )  , 
and c )  E/(]-%), Curves f o r  a L i g n i t e  (mesh 
s i r e  -300 +425) I n j e c t e d  i n t o  t h e  Furnace a t  
36 cm above t h e  Window. Furnace Wall 
Temperature a t  Window Height  is 1170 K. 
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Figure  2 .  a )  Emission. b) ( I - t r a n s m i s s i o n ) ,  
and c )  E / ( l - T . ) ,  Curves f o r  Soot  formed by 
Acetylene I n j e c t e d  i n t o  a Furnace a t  a 
Height of 66 cm above t h e  Window. Furnace 
Wall Temperature is 1250 K .  Curve c is a 
Q u a n t i t a t i v e  Black-body Curve Corresponding 
t o  a Temperature of 1350 K. 
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Figure 3 .  
f o r  Increasing Residence Time. 

S e r i e s  of  E / ( l - T )  Curves f o r  L ign i te  Particles i n  the  Furnace 
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E/(1-%) f o r  Cold K C 1  P a r t i c l e s  Figure 4. 
in a Hot Furnace. Furnace Wall Temperature 
is 1080 K .  Th i s  Curve is a Q u a n t i t a t i v e  
Black-body Curve Corresponding t o  a Temperature 
of 1080 K .  
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F igure  7 .  Conf igu ra t ion  of Beam Defining 
Aperture  and Furnace Wall i n  EFR. 
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Figure  6. 
P res sed  from 1 ,Urn Diameter  P a r t i c l e s ,  
b)  Spectrum of 40/m Coal Fi lm Pressed from 
3 0 , u m  P a r t i c l e s ,  and c )  Specu la r  Re f l ec t ion  
of a Coal P e l l e t  P res sed  from l p n  Diameter 
P a r t i c l e s .  

a )  Spectrum of 4 0 p m  Coal Film 


